Objective: To assess the relationship between muscle-tendon function and symptoms in patients with Achilles tendinopathy using a validated test battery. Design: A prospective non-randomised trial. Setting: Orthopaedic Department, Sahlgrenska University Hospital, Sweden. Patients: 37 patients with a clinical diagnosis of Achilles tendinopathy in the midportion of the tendon, with symptoms for .2 months, were evaluated at the initiation of the study and after 1 year. Intervention: The patients were treated using a rehabilitation programme, under the supervision of a physical therapist, for 6 months. Main outcome measurements: The patients were evaluated using the Swedish version of the Victorian Institute of Sports Assessment-Achilles questionnaire (VISA-A-S) for symptoms, and a test battery for evaluation of the lower leg muscle-tendon function.
A chilles tendinopathy is a common overuse injury, especially among athletes involved in activities that include running and jumping. [1] [2] [3] [4] Primary treatment can be challenging, but the condition is also renowned for its propensity for recurrence. Thus, it is not unusual for patients with Achilles tendinopathy to have pain on and off for many years. When physical activity is discontinued, symptoms subside, only to recur as soon as physical activity is resumed. 2 Rehabilitation theory suggests that muscular strength, power, muscular endurance, flexibility and motor control might be necessary for full recovery after tendon injuries. 4 5 6 One of the main treatments for Achilles tendinopathy is exercise training, and the consensus today seems to be that all patients should be treated with an exercise programme for 3-6 months before any other kind of treatment, such as surgery, is considered. 7 8-15 Even with other types of treatment such as surgery, sclerosing injections, modalities and medication, some type of exercise is recommended as a complement to the treatment. [16] [17] [18] [19] [20] [21] Despite the common use of exercise as treatment, it is not fully understood how Achilles tendinopathy affects lower leg muscle-tendon functions.
To date, evaluation of the effect of treatment on Achilles tendinopathy has focused mainly on improving symptoms and not on the recovery of muscle-tendon function. The main outcome measure in most treatment studies is evaluation of pain associated with physical activity. 8 11-13 15 22 More recently, the Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire has been used to evaluate the clinical severity for patients with Achilles tendinopathy. 23 24 The evaluations of muscle-tendon function previously used in treatment studies of patients with Achilles tendinopathy were strength measurements using dynamometry and muscular endurance tests for the calf muscle. 12 13 25 26 The operational definition of ''muscle-tendon function'' is, however, vague and includes various aspects related to strength, muscular endurance and the ability to utilise the stretch-shortening cycle. Therefore, it seems unrealistic to expect that one or two tests will be sufficient to detect possible muscletendon function deficits as well as improvements correlated with treatment.
In a previous study, we developed a test battery for evaluation of lower leg muscle-tendon function in patients with Achilles tendinopathy. 27 The test battery was reliable and had a high ability to detect impairments in lower leg function when comparing an injured or ''most'' symptomatic leg with an uninjured or ''least'' symptomatic leg in patients with Achilles tendinopathy. 27 The test battery had, furthermore, a higher demand on the patients' muscle-tendon function compared with each individual test. 27 Therefore, the conclusion was that Achilles tendinopathy causes pain and also impairs lower leg function. The test battery, evaluating several different aspects of lower leg muscle-tendon function, was more sensitive-that is, it had a higher ability to detect side-to-side differences than-each individual test. 27 It still remains to be evaluated whether the impairment in muscle-tendon function is a true functional deficit or is only due to pain, or a combination of both.
Leadbetter 28 has suggested that Achilles tendinopathy occurs when the body's reparative capability is exceeded by repetitive Abbreviations: CMJ, counter movement jump; LSI, limb symmetry index; VISA-A, Victorian Institute of Sports Assessment-Achilles; VISA-A-S, Swedish version of VISA-A microtrauma. It is known that, during running and jumping, the Achilles tendon is subjected to loads as high as 6-12 times the weight of the body, and this high repetitive loading is thought to be one of the main pathological stimuli causing Achilles tendinopathy. 14 29-31 It is suggested that there is a fine line between adequate and healthy loading and overloading of the Achilles tendon. The microtrauma of the tendon might occur before the patient experiences symptoms 28 and resuming heavy physical activity too soon and too quickly has a major risk of re-injury. If the injury process in Achilles tendinopathy starts before symptoms, the absence of symptoms might not mean full recovery of muscle-tendon function. The challenge in rehabilitation is to determine when an athlete is ready to return to full physical activity. Our clinical experience of patients with Achilles tendinopathy is that they are susceptible to re-injury during the return to sports phase. Athletes who compete close to their limits need to know when they are able to fully load their Achilles tendon with minimal risk of re-injury.
The primary purpose of this study was to assess the relationship between muscle-tendon function and symptoms (as measured with the VISA-A questionnaire) in patients with Achilles tendinopathy using a validated test battery.
MATERIALS AND METHODS
The patients were recruited through mailings to hospitals, orthopaedic surgeons, physical therapy clinics and orthopaedic technicians in the greater Göteborg area, Sweden. Initially, the patients were examined by an experienced licensed physical therapist who determined whether they met the required criteria to participate in the study. Men and women 20-60 years of age with Achilles tendinopathy and duration of pain for .2 months were included. The definition of Achilles tendinopathy was clinical diagnosis characterised by a combination of Achilles tendon pain, swelling and impaired performance as described in the literature. 14 29 32 The exclusion criteria were injury to foot, knee, hip or back, and/or history of rheumatoid arthritis or any other illness or injury thought to interfere with participation in the study. Patients with insertion tendinopathy were also excluded.
A total of 37 people (17 women and 20 men) were included in the study and they ranged in age from 30 to 58 years, with a mean (SD) age of 46 (8) years. The duration of symptoms ranged from 3 to 360 months, with a mean (SD) of 37 (67) months. Twelve of the patients reported symptoms from both the right and the left Achilles tendons.
All study participants received oral and written information about the purpose and procedure of the study, and written informed consent was obtained. Ethics approval was obtained from the Human Ethics Committee at the Medical Faculty, Göteborg University, Sweden.
Study design
The patients were evaluated before initiating treatment and after 1 year. Evaluation consisted of the Swedish version of the VISA-A questionnaire (the VISA-A-S questionnaire) 33 for symptoms and a test battery developed to evaluate muscletendon function in patients with Achilles tendinopathy. 27 
Test battery
The test battery consisted of three different jump tests, two different strength tests and one muscular endurance test. 27 The jump tests were a counter movement jump (CMJ), a drop CMJ and hopping. The CMJ was a vertical jump where the starting position was an upright position with hands placed behind the back. The maximal jumping height (in cm) was used for data analysis. For the drop CMJ, the patients started by standing on one leg on a 20 cm high wooden box. The patients were instructed to ''fall'' down onto the floor and to perform a maximum vertical one-legged jump directly on landing. The maximal jumping height (in cm) was used for data analysis. The strength tests were a concentric toe-raise and an eccentricconcentric toe-raise. The maximal power (in W) was used for data analysis. The muscular endurance test was a standing toeraise test with 10% of the body weight added with a weight belt. The total amount of work performed (in J) was used for data analysis. The test battery has been shown to be reliable and valid for evaluation of lower-leg function in patients with Achilles tendinopathy, and was performed as described by Silbernagel et al. 27 
Treatment protocol
The Achilles tendon and calf muscle strengthening protocol was based on our previous study, 13 but has been modified at the clinic over the years. The exercises were performed once a day, and the intensity and number of repetitions were based on the patients' status. The exercises consisted mainly of two-legged and one-legged concentric-eccentric toe-raises, and eccentric and fast rebounding toe-raises. The intensity was increased gradually by increasing the range of motion (starting standing on the floor and then performing the exercise standing on a step), number of repetitions (starting at a maximum amount of three sets tolerated up to a maximum of 15 repetitions), load (using either a back-pack or a weight machine) and speed of loading. In phase three of the rehabilitation programme, plyometric training was included. The progression of the exercise programme was monitored by the treating physical therapists for 6 months.
Responsiveness
The responsiveness of the VISA-A-S questionnaire, the individual tests in the test battery and the test battery were evaluated by comparing the results before initiating treatment with the results after 1 year. To evaluate the test battery, only the patients who had one healthy side (defined in this study as a VISA-A-S score .95) before initiating treatment and who completed all the tests in the test battery at both the initial evaluation and at the 1 year follow-up were included. This left 19 subjects for the evaluation of the responsiveness of the test battery. Counting the number of tests where the patients had a 90% or better capacity in the injured side compared with the uninjured side gave the final score of the test battery.
Changes in the VISA-A-S score and test battery with treatment To evaluate changes in the VISA-A-S score and the test battery, we compared results before treatment with the results from the 1 year follow-up (table 2) . Relationship between symptoms and muscle-tendon function To evaluate of the relationship between symptoms and muscletendon function, the VISA-A-S score was correlated with the results of each individual test and the test battery at the 1-year follow-up. Data from all tests were available for 24 patients who also had a healthy leg (VISA-A-S score .95). The results from the individual tests were given as a limb symmetry index (LSI), defined as the ratio of the involved limb score and the uninvolved limb score.
Statistical analysis
All data were analysed using SPSS V.11.5 for Windows. Descriptive data are reported as mean (SD) and range. Responsiveness was calculated by effect size, defined as the mean score change divided by the SD of the pretreatment score. Effect sizes of 0.2 were considered small, 0.5 moderate and 0.8 large. 34 Spearman's r was used to evaluate the correlation between the VISA-A-S score, the individual tests in the test battery and the test battery at 1-year follow-up.
Wilcoxon's signed rank test was used to evaluate changes in VISA-A-S score and the test battery between the initial evaluation and the 1-year follow-up. The level of significance was set at p,0.05.
LSI was calculated for classification of a normal or abnormal side-to-side difference. The LSI was defined as the ratio of the involved limb score to the uninvolved limb score expressed in percentage (involved/uninvolved6100). An LSI >90% was classified as normal. An acceptable level of muscle function was defined as having normal capability on all tests in the test battery. A VISA-A-S score of >90 was classified as fully recovered.
RESULTS

Responsiveness
The effect size of the VISA-A-S questionnaire was 2.1. The effect sizes for each individual test ranged from 0.24 to 0.48, except for CMJ, which had an effect size of 0.05 (table 1) . Because of the low effect size for CMJ and because CMJ has previously been shown to have low sensitivity-that is, low ability to detect differences between injured and non-injured side-it was decided to exclude CMJ from the test battery. All the following evaluations of the test battery were, therefore, performed without CMJ.
Changes in the VISA-A-S score and test battery with treatment Significant improvement was found in the VISA-A-S score (p,0, n = 37) and the test battery (p,0.02, n = 19) at the 1-year follow-up.
Comparison between VISA-A-S questionnaire and test battery A low correlation (r = 0.178, p = 0.405) was found between the VISA-A-S score and the test battery. A high correlation (r = 0.611, p,0.01) was found between the drop CMJ and the VISA-A-S score. All other tests in the test battery had low correlations (r = 20.305 to 0.155, p = 0.15 to 0.85) with the VISA-A-S score.
At the 1-year follow-up, out of 24 patients 16 (67%) were classified as having fully recovered (VISA-A-S score >90), 2 (8%) had an acceptable VISA-A-S score (.80), 4 (17%) had a score of 70-80 and 2 (8%) had a score between 65 and 70.
Of the 67% of patients who had fully recovered, only 25% (4/ 16) had reached an acceptable level of muscle function (ie, >90% capability on all tests in the test battery). Another 19% (3/16) of those patients passed 4 of the 5 tests in the test battery at the 1-year follow-up. In all, 44% (7/16) of the patients passed 3 of the 5 tests and the remainder (12%) passed ,2 tests at the 1-year follow-up.
A very low and non-significant correlation was found between the injured side and the preferred ''jump leg'' (Spearman's r = 20.2).
DISCUSSION
Achilles tendinopathy causes pain, symptoms and also impairments in lower leg muscle-tendon function. Patients with Achilles tendinopathy who have reached full symptomatic recovery might not necessarily have recovered their lower leg function. Only 25% of the patients who were no longer symptomatic had full function as measured by the test battery. It therefore seems clear that functional recovery occurs later than the improvements in symptoms. Treatment protocols should therefore be aimed at improving symptoms as well as focus on full return of function. Accordingly, treatment studies are recommended to use reliable, valid and responsive outcome measures for both patients' symptoms and muscle-tendon function.
The VISA-A questionnaire is a reliable and valid instrument for evaluation of the clinical severity of patients with Achilles tendinopathy. 33 35 It has now been shown that the VISA-A questionnaire also has a large effect size, indicating that it is responsive to clinically relevant changes. The high responsiveness (as indicated by an effect size of 2.1) also indicates that the VISA-A-S questionnaire is useful as an outcome measure in scientific studies.
Each individual test in the test battery had small effect sizes at the 1-year follow-up, except for CMJ, which had a poor effect size. This test had also previously not been able to show difference between the most symptomatic leg (injured) and the least symptomatic leg (non-injured), and it does not add to improve the effect size for the whole test battery. 27 The validity of CMJ test was therefore considered very low for evaluation of lower leg muscle-tendon function in patients with Achilles tendinopathy. The CMJ test was therefore excluded from the test battery. A significant improvement in the test battery, having a moderate effect size (0.73), was seen at the 1-year follow-up. The reason for the test battery having a much lower effect size compared with the VISA-A-S questionnaire could be best explained by the fact that function takes longer time to recover than symptoms.
It was found that there were no significant correlations between symptoms (as measured with the VISA-A-S questionnaire) and function (as measured with the test battery), except for the drop CMJ. The reason the drop CMJ had a significant correlation to the VISA-A-S score can be explained by the challenge posed by the test: the patient had to dare to jump from a 20 cm high box and land fully on the injured leg. This test requires that the patients overcome the fear of landing, and it is reasonable to assume that this fear would be higher when the patients had more pain.
For patients with Achilles tendinopathy, the symptoms of pain, tenderness to palpation and morning stiffness are the main complaints. 10 14 29 Often, patients report symptoms on and off for many years. One of the reasons for the reoccurrence of the symptoms might be that the function of the calf musculature and Achilles tendon has not fully recovered. As soon as the patient tries to increase their physical activity level, the load on the muscle-tendon unit exceeds its capacity and the injury process starts again. The Achilles tendon is loaded up to 6-12 times the body weight with physical activities such as running and jumping, 30 31 and therefore these activities put a great demand on the muscle-tendon function.
In a recent study, we found that continued physical activity with the use of a pain-monitoring model does not seem to hinder recovery (unpublished data). Adjusted physical activity with enough time given for recovery over longer periods of time might help to recover full muscle-tendon function and prevent re-injury. Patients with VISA-A-S scores ,90 points are often satisfied with their results as long as they can work and be physically active. These results suggest that patients with Achilles tendinopathy should be encouraged to continue their rehabilitation exercises even after the symptoms subside to further improve their function.
CONCLUSION
Full symptomatic recovery in patients with Achilles tendinopathy does not ensure full recovery of muscle-tendon function. The VISA-A-S questionnaire and the test battery are sensitive to clinically relevant changes with treatment and can be recommended for use both in clinic and research. Our study provides evidence that patients should be encouraged to continue their rehabilitation protocol even when their symptoms subside, to achieve full recovery of muscle-tendon function. Future studies should investigate whether this will reduce recurrence of symptoms.
